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Polypyridine complexesAbstract In the present study three new imidazole derivatives of phen, 2-(4-hydroxy-3,
5-diiodophenyl) imidazo[4,5-f][1,10]phenanthroline L1, 2-(2-hydroxy-3,5-diiodophenyl)imidazo[4,
5-f][1,10]phenanthroline L2, 2-(4-hydroxy-5-iodo-3-methoxyphenyl)imidazo[4,5-f][1,10]phenanthro-
line L3 and their nine new polypyridine complexes[M(N–N)2(L
1–3)](OAc)2Æ(nH2O) where M is
Ni(II), Co(II) and Cu(II) and where (N–N)2 is 2,2
0-bipyridine (bpy)2 or 1,10-phenanthroline (phen)2
have been synthesized from the reaction of the metal precursor complexes [M(phen)2(OAc)2]Æ(nH2-
O) and [M(bpy)2(OAc)2]Æ(nH2O) with the respective ligands in ethanol and water. The structures of
the compounds were determined with the aid of elemental analysis and FT-IR, UV–Vis, 1H NMR,
ESR spectroscopic methods, magnetic measurements and conductance measurements, further ana-
lyzed by powder XRD and thermal studies. Elemental analysis data suggested that the complexes
have a 1:2:1 molar ratio among the metal and phen or bpy and L1/L2 or L3 ligands. The spectral
data show that all the complexes were six coordinated and possess octahedral geometry around
the metal ions. The X-band ESR spectrum of the Cu(II) in DMSO solution at room temperature
was recorded and observed anisotropic g values indicate the presence of metal ion in an octahedral
environment. The powder XRD patterns of complexes recorded in the range (2h= 0–80) and aver-
age crystallite size (dXRD) was calculated using Scherrer’s formula. Thermal decomposition proﬁlesf Co(II),
.doi.org/
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10.1016/j.arabjc.2015.04.025of complexes show high decompound temperatures indicating a good thermal stability. Binding of
the complexes with calf thymus DNA (CT DNA) has been investigated by gel electrophoresis. The
experimental results indicate that the complexes bind to DNA by intercalation mode and found to
promote cleavage of plasmid pBR 322 DNA from the supercoiled form I to the open circular form
II upon irradiation.
ª 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is
an open access article under the CCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Polypyridyl complexes of transition metals with 1,10-
phenanthroline (phen) and its derivatives are very important
ligands in organometallic chemistry because they have rigid
framework and possesses a superb ability to chelate many
metal ions via two nitrogen donors (Balzani et al., 1996;
Steed and Atwood, 2000; Calderazzo et al., 2002; Rezvani
et al., 2004; Larsson and Ohrstrom, 2004). Due to their high
charge transfer mobility, bright light emission and good electro
and photo active properties they provide potential for various
technological applications (Brechin et al., 2008; Rogachev
et al., 2005). They also play important roles in supramolecular
assemblies, metallo-dendrimers and formation of stable com-
plexes (Sigman, 1990; Lehn, 1995; Binnemans et al., 2004;
Lenaerts et al., 2005). The complexes of these derivatives are
of great interest since they exhibit numerous biological activi-
ties such as antitumor, anticandida, antimycobacterial and
antimicrobial activities (Majella et al., 1999; Saha et al.,
2004). They have been extensively studied in great details for
their various crystallographic, structural and magnetic fea-
tures. Furthermore, the interaction of these complexes with
DNA has gained much attention due to their possible applica-
tions as new therapeutic agents (Sigman, 1986; Carlson et al.,
1993). Present investigation deals with the syntheses, spectral
characterization, thermal properties and DNA cleavage studies
of series of Co(II), Ni(II) and Cu(II) polypyridine complexes
with three new imidazole derivatives of 1,10-phenanthroline.
2. Experimental
2.1. Materials
1,10-Phenanthroline 5,6-dione was synthesized according to
published procedure (Hiort et al., 1993). The metal precursor
complexes [Ni(phen)2](OAc)2Æ4H2O, [Co(phen)2](OAc)2Æ6H2O,
[Co (bpy)2](OAc)2Æ6H2O and [Cu(bpy)2](OAc)2ÆH2O were syn-
thesized by a method similar to one described previously
(Sullivan et al., 1978). Other chemicals were purchased from
Aldrich and used without further puriﬁcation.
2.2. Physical measurements
The elemental analysis for C, H and N was done using a Per-
kin–Elmer elemental analyzer and analysis of metal was car-
ried out by EDTA titration method. 1H-NMR spectra were
obtained on a Bruker AM400 MHz instrument with Me4Si
as internal reference. The IR spectra were recorded on aK., Khaled, S. Syntheses, spectral chara
ith some new imidazole derivatives ofJASCO FT/IR-410 spectrometer in the range 4000–400 cm1
using KBr disk method. Electronic spectra were recorded on
a Perkin Elmer Lambda-25 UV/Vis spectrometer in the range
200–600 nm. Magnetic susceptibility measurement was carried
out by the Gouy method at room temperature using
Hg[Co(SCN)4] as a reference for callibrant. Conductivities of
a 103 M solution of the complexes were measured in DMSO
at 25 C using a CMD 750 WPA model conductivity meter.
Powder XRD was recorded on a Rigaku Dmax X-ray diffrac-
tometer with Cu Ka radiation. ESR measurements (solid state)
at room temperature were carried out using a Varian E-109, X-
band spectrometer. Thermal analysis was carried out in air
(25–1000 C) using a Shimadzu DT-30 thermal analyzer.
2.3. Synthesis of ligands
The ligands were prepared by reﬂuxing a mixture of (1 mmol)
of 1,10-phenanthroline 5,6-dione, (1 mmol) of 4-hydroxy-3,5-
diiodo benzaldehyde L1/2-hydroxy-3,5-diiodo benzaldehyde
L2 or 4-hydroxy-5-iodo-3-methoxy benzaldehyde L3 and
(30 mmol) of ammonium acetate in (30 ml) of glacial acetic
acid for 2 h. The cooled solution ﬁltered, diluted and neutral-
ized with concentrated aqueous ammonia. The precipitates
obtained were ﬁltered, washed with water, recrystallized with
ethanol and then dried shown in Scheme 1.
2.4. Synthesis of metal complexes
The complexes were prepared by reﬂuxing a solution of
(1 mmol) of metal precursor complexes [Ni(phen)2](OAc)2Æ
4H2O, [Co(phen)2](OAc)2Æ6H2O, [Co(bpy)2](OAc)2Æ6H2O and
[Cu(bpy)2] (OAc)2ÆH2O with the respective ligands L
1–L3
(1 mmol) in aqueous ethanol (20 ml) for 4 h. The solid
obtained was ﬁltered, washed with ethanol and then dried
shown in Scheme 2.
2.5. DNA cleavage studies
For the gel electrophoresis study super coiled pBR 322 DNA
(0.1 lg) was treated with the complexes in 50 mM tris–HCl,
18 mM Nacl buffer (pH 7.2), and then the solution was incu-
bated in dark for (1 h) was irradiated for 30 min inside the
sample chamber of Perkin-Elmer LS 55 spectroﬂurometer
(kex = 456 ± 5 nm, slit width = 5 nm, slit width = 5 nm).
The samples were analyzed by electrophoresis for 30 min at
75 V in Tris–acetate buffer containing 1% agarose gel. The
gel was stained with 1 lg/ml1 ethidium bromide and pho-
tographed under UV light.cterization, thermal properties and DNA cleavage studies of a series of Co(II),
1,10-phenanthroline. Arabian Journal of Chemistry (2015), http://dx.doi.org/
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Scheme 1 Structure of ligands (a) L1, (b) L2 and (c) L3.
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3.1. Elemental analysis
Elemental analysis data conﬁrmed that the complexes have a
1:2:1 M ratio between the metal and ligands. i.e. one mole of
metal salts reacted with two moles of 1,10-phenanthroline or
2,2-bipyridine and one mole of ligands L1/L2 or L3 to give
the corresponding metal complexes. The elemental analysisPlease cite this article in press as: Ahmed, S.K., Khaled, S. Syntheses, spectral chara
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10.1016/j.arabjc.2015.04.025data for complexes are given in Table 1. All the complexes
show the analytical results close to the theoretical values indi-
cating the presence of two types of ligands.
3.2. Mass spectra
Mass spectra of ligands were performed to determine their
molecular weight and fragmentation pattern. The molecular
ion peaks were observed at m/z 565, m/z 565 and m/z 469 con-cterization, thermal properties and DNA cleavage studies of a series of Co(II),
1,10-phenanthroline. Arabian Journal of Chemistry (2015), http://dx.doi.org/
Table 1 Physical and analytical data of ligands and their complexes.
Ligand/complex Formula M.W. Yield (%) Elemental analysis (%) Found/(Calcd.)
C H N M
1 L1 C19H10N4OI2 564 85 33.92 (32.88) 1.48 (1.94) 8.33 (7.61) –
2 L2 C19H10N4OI2 564 90 33.92 (33.15) 1.48 (1.62) 8.33 (8.31) –
3 L3 C20H13N4O2I 468 78 41.66 (41.79) 2.25 (3.02) 9.72 (9.71) –
4 [Ni(phen)2(L
1)](OAc)2 C48H43N8O10I2Ni.3H2O 1227 90 50.37 (50.92) 3.51 (3.80) 10.29 (9.90) 4.68 (4.80)
5 [Ni(phen)2(L
2)](OAc)2 C47H40N8O9I2NiÆ3H2O 1227 78 45.15 (45.96) 2.78 (3.25) 9.23 (9.12) 4.53 (4.80)
6 [Ni(phen)2(L
3)](OAc)2 C48H43N8O10INiÆ3H2O 1131 80 50.37 (50.92) 3.51 (3.80) 10.29 (9.90) 5.17 (5.21)
7 [Ni(bpy)2(L
1)](OAc)2 C43H44N8O11I2NiÆ3H2O 1215 80 43.34 (42.46) 3.08 (3.62) 7.89 (9.21) 4.81 (4.85)
8 [Co(phen)2(L
1)](OAc)2 C47H44N8O11I2CoÆ3H2O 1263 80 44.40 (44.65) 3.46 (3.48) 8.81 (8.86) 4.48 (4.67)
9 [Co(phen)2(L
2)](OAc)2 C47H44N8O11I2CoÆ3H2O 1263 78 44.40 (44.65) 3.46 (3.48) 8.81 (8.86) 4.38 (4.67)
10 [Co(phen)2(L
3)](OAc)2 C48H47N8O12ICoÆ3H2O 1167 90 49.06 (49.35) 4.00 (4.02) 9.54 (9.59) 4.87 (5.05)
11 [Co(bpy)2(L
3)](OAc)2 C44H47N8O12ICoÆ3H2O 1119 85 47.56 (47.18) 3.50 (4.20) 10.71 (10.08) 5.13 (5.27)
12 [Cu(bpy)2(L
1)](OAc)2 C43H38N8O8I2CuÆ3H2O 1166 80 45.38 (44.25) 2.93 (3.25) 10.13 (9.60) 5.35 (5.48)
4 S.K. Ahmed, S. Khaledﬁrming their formula weights (FW) for L1, L2 and L3 respec-
tively, which are same as the calculated m+ value (Zhang
et al., 2002; Hong et al., 2003). The mass spectra of ligands
L1 and L3 are shown in Fig. 1.
3.3. IR spectra
The IR spectral data of ligands and their complexes are given
in Table 2. The spectra of free ligands L1, L2 and L3 showed
the bands at 3051 cm1, 3151 cm1 and 3101 cm1 respectively
were attributed to m(NH) stretching vibrations of the imidazole
ring (Zhang et al., 2002; Hong et al., 2003; Yu et al., 2005;
Philip et al., 2005; Yan et al., 2009). The bands appeared in
the 3456–3425 cm1 region were assigned to m(OH) stretching
vibrations of the phenol (Yu et al., 2005; Khaled et al., 2013a,
2013b). The same bands were observed in the spectra of all the
metal complexes indicating m(NH) of imidazole ring and
m(OH) of phenol did not participate in coordination to metal
ion. For the free ligands, the bands appeared in 1623–
1596 cm1 region were due to m(C‚N) stretching vibrations
of the imidazole ring, which were not signiﬁcantly affected
by complexation indicating nitrogen of this group was not
involved in coordination. Also the infrared spectra of ligands
showed bands in the 1604–1438 cm1 region were attributed
to m(C‚N) and m(C‚C) stretching vibrations of phenanthro-
line ring and aromatic ring which were shifted to lower fre-
quencies in the spectra of complexes (1566–1341 cm1). It
conﬁrmed the participation of C‚N of phenanthroline ring
in coordination to the metal ion (Tan et al., 2005; Gilmar
et al., 2006; Nagababu and Satyanarayana, 2007; Kannan
and Arumugham, 2012). A band observed at 2923 cm1 in
spectrum of L3 was due to m(CAH) stretching bands of the
methoxy group (Philip et al., 2005). The presence of water
molecules in the complexes was indicated by broad absorption
bands at 3400 cm1. In the lower frequency region the weak
bands observed at 678–624 cm1 were due to m(ZnAN) vibra-
tions (Youxiang et al., 1998; Philip et al., 2005).
3.4. Electronic spectra, magnetic and conductance measurements
The electronic spectra of the ligands and their metal complexes
in DMSO solvent, magnetic moments and molar conductivi-
ties are given in Table 3. The electronic spectra of free ligandsPlease cite this article in press as: Ahmed, S.K., Khaled, S. Syntheses, spectral chara
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10.1016/j.arabjc.2015.04.025L1, L2 and L3 showed the bands in the 225–335, 279–430 and
285–345 nm range respectively were assigned to p–p* and n–p*
transitions (Zhang et al., 2002; Hong et al., 2003). The bands
at 335 nm, 348 nm and 345 nm were attributed to transitions
of imidazole ring (Yu et al., 2005; Yan et al., 2009). The
absorption bands at 290, 279 and 285 nm were originated from
p–p* transitions of phenanthroline ring, which were shifted to
lower wavelength region at 266 nm in all the complexes indi-
cating the coordination of phenanthroline ring to metal ion.
In the electronic spectra of (phen) complexes the bands
observed at 270 nm were originated from p–p* transitions of
phenanthroline ring and the bands observed at 285 nm in the
spectra of (bpy) complexes were due to p–p* transitions of
bipyridine ring (Hong et al., 2003; Yan et al., 2009). The elec-
tronic spectra of Ni(II) complexes exhibited three well deﬁned
bands in the range of 262–346, 270–428, 271–345 and
255–351 nm respectively. These bands were assigned to
3A2g(F)ﬁ 3T1g(F) transitions which correspond to octahedral
geometry (Tan et al., 2005; Gilmar et al., 2006). The electronic
spectra of Co(II) and Cu(II) complexes exhibited three bands
in the range of 256–383 and 256–353 nm respectively. These
bands were assigned to 2E1gﬁ 2T2g and 4T1g(F)ﬁ 4T1g(P)
transitions corresponding to octahedral geometry (Nagababu
and Satyanarayana, 2007; Kannan and Arumugham, 2012).
The magnetic moment values for the Ni(II) complexes lie in
the range 1.57–3.23 B.M. corresponding to two unpaired elec-
trons which may be considered to possess an octahedral geom-
etry (Lever, 1984). The magnetic moment values for the Co(II)
complexes reported here in the range 4.81–4.92 B.M. show that
there are three unpaired electrons indicating a high spin octa-
hedral conﬁguration (Huheey et al., 1993). Cu(II) complex has
magnetic moment value 1.83 B.M. corresponding to one
unpaired electron which offers possibility of octahedral geom-
etry (Lever, 1986).
The molar conductance data of the complexes were mea-
sured in DMSO solution for the 0.001 M solutions. The Ni(II)
complexes showed the molar conductivity in the range of
142.57–148.42 O1 cm2 mol1 indicating that it is 2:1 type of
electrolyte. The Co(II) complexes showed the molar conductiv-
ity in the range of 73.45–76.87 O1 cm2 mol1 indicating that it
is 1:1 type of electrolyte. The Cu(II) complexes were nonelec-
trolytes due to their low values of molar conductivity in the
range of 12 O1 cm2 mol1 (Geary, 1971).cterization, thermal properties and DNA cleavage studies of a series of Co(II),
1,10-phenanthroline. Arabian Journal of Chemistry (2015), http://dx.doi.org/
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Figure 1 Mass spectra of the ligands (a) L1 and (b) L3.
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The 1H-NMR spectra of ligands and their complexes were
recorded in DMSO as a solvent are summarized in Table 4.
The numbering of positions related to hydrogen atoms for
L1 as an example is shown below. The 1H-NMR Spectra of
ligands L1, L2 and L3 displayed a broad peak in the 12–
13 ppm range which was assigned to NAH of the imidazole
ring (Zhang et al., 2002; Hong et al., 2003; Yan et al., 2009).Please cite this article in press as: Ahmed, S.K., Khaled, S. Syntheses, spectral chara
Ni(II) and Cu(II) polypyridine complexes with some new imidazole derivatives of
10.1016/j.arabjc.2015.04.025The peak observed as singlet in the 9.80–10.02 ppm range
was assigned to OH of the phenol. The aromatic protons H-
1 and H-2, H-3 and H-4, H-5 and H-6, H-9 and H-10 were
chemically equivalent appeared in the 7.73–9.09 ppm range
(Yu et al., 2005; Khaled et al., 2013a, 2013b). All these protons
were shifted downﬁeld in the 1H-NMR spectra of all the com-
plexes indicating the coordination of ligands to the metal ion
(Philip et al., 2005; Gilmar et al., 2006; Kannan and
Arumugham, 2012). Two additional peaks observed as singlets
in the 7.55–8.40 ppm ranges were assigned to phen protonscterization, thermal properties and DNA cleavage studies of a series of Co(II),
1,10-phenanthroline. Arabian Journal of Chemistry (2015), http://dx.doi.org/
Table 2 IR spectral (cm1) assignment of ligands and their complexes.
S. no. Ligand/complex Assignment (cm1)
m(OH), H2O m(OH), phenol m(NH), m(C‚N), imidazole m(C‚N), aromatic m(C‚C), aromatic m(MAN)
1 L1 – 3425 3051 1623 1581 1492 –
1515 1454
2 [Ni(phen)2(L
1)](OAc)2 3400 3421 3055 1623 1558 1423 644
1515 1361
3 [Co(phen)2(L
1)](OAc)2 3410 3421 3058 1577 1566 1427 678
1515 1357
4 [Cu(bpy)2(L
1)](OAc)2 3410 3394 3066 1596 1566 1427 651
1469 1365
5 [Ni(bpy)2(L
1)](OAc)2 3412 3421 3058 1577 1566 1427 678
1515 1357
6 L2 – 3417 3151 1647 1604 1477 –
1539 1438
7 [Ni(phen)2(L
2)](OAc)2 3400 3403 2943 1624 1558 1425 640
1518 1341
8 [Co(phen)2(L
2)](OAc)2 3410 3409 3070 1596 1492 1419 675
1473 1361
9 L3 – 3456 3101 1596 1573 1473 –
1542 1442
10 [Ni(phen)2(L
3)](OAc)2 3410 3390 3055 1623 1515 1423 644
1442 1361
11 [Co(phen)2(L
3)](OAc)2 3413 3412 3055 1581 1558 1427 624
1515 1342
12 [Co(bpy)2(L
3)](OAc)2 3410 3409 3070 1596 1492 1419 675
1473 1361
Table 3 Electronic spectral data (nm) of the ligands and their metal complexes in DMSO solvent, magnetic moments and molar
conductivities.
S. no. Ligand/complex Electronic absorption bands (nm) Kc (O1 cm2 mol1) leﬀ (B.M.)
1 L1 225, 290, 320, 335 – –
2 L2 279, 310, 348, 370, 430 – –
3 L3 285, 240, 260, 345 – –
4 [Ni(phen)2(L
1)](OAc)2 262, 300, 346 148.41 3.23
5 [Ni(phen)2(L
2)](OAc)2 270, 329, 349, 428 146.89 1.57
6 [Ni(phen)2(L
3)](OAc)2 271, 310, 345 142.57 2.84
7 [Ni(bpy)2(L
1)](OAc)2 255, 285, 351 147.53 3.21
8 [Co(phen)2(L
1)](OAc)2 266, 320, 352 76.87 4.92
9 [Co(phen)2(L
2)](OAc)2 266, 383, 345, 428 74.51 4.81
10 [Co(phen)2(L
3)](OAc)2 267, 343, 370 73.45 4.88
11 [Co(bpy)2(L
3)](OAc)2 256, 286, 353 74.17 4.86
12 [Cu(bpy)2(L
1)](OAc)2 250, 287, 350
6 S.K. Ahmed, S. Khaledand at 7.9–7.1 ppm are assigned to bpy protons (Philip et al.,
2005). The conclusions drawn from these studies lend further
support to the mode of bonding discussed in their IR spectra.
The number of protons calculated from the integration curves
and those obtained from the values of the expected CHN anal-
yses agree with each other.
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10.1016/j.arabjc.2015.04.0253.6. ESR spectra12.00 1.83The X-band ESR spectra of Cu(II) complex was recorded in
DMSO at room temperature. The spectra exhibited anisotro-
pic signals with g values g|| = 2.13 and g^= 2.03, respectively,
which is a characteristic of the axial symmetry. The observed
g-tensor values were g|| (2.13) > g^ (2.03) > ge (2.00) sug-
gested the complex has octahedral geometry (Chandra and
Gupta, 2004; Krishna et al., 2008). An exchange coupling
interaction between two Cu(II) ions was explained by Hath-
away expression G= (g||  2)/(g^  2) (Hathaway and
Tomlinson, 1970). If the value G> 4.0, the exchange interac-
tion is negligible and if G< 4.0, a considerable exchange cou-
pling is present in the complex. In the present complexes, the
‘G’ value (4.33) is >4 indicating that there is no interactioncterization, thermal properties and DNA cleavage studies of a series of Co(II),
1,10-phenanthroline. Arabian Journal of Chemistry (2015), http://dx.doi.org/
Table 4 1H-NMR data (in DMSO-d6) for the ligands and their complexes.
S.
no.
Ligand/complex NMR band shift: d ppm
1 L1 13.55(br, s, 1H, H-7), 9.80(s, 1H, H-11), 9.09(d, 2H, H-5, H-6), 8.60(d, 2H, H-1, H-2), 8.39(d, 2H, H-9, H-10),
7.73(dd, 2H, H-3, H-4)
2 [Ni(phen)2(L
1)](OAc)2 13.10(br, s, 1H, H-7), 9,30(s, 1H, H-11), 9.10(s, 4H, H-1, H-2, H-5, H-6), 8.50(s,4H, H-3, H-4, H-9, H-10), 8.40(s,
8H, phen protons), 8.0(s, 8H, phen protons), 2.60(s, 6H, OAc)
3 [Co(phen)2(L
1)](OAc)2 13.60(br, s, 1H, H-7), 9.40(s, 1H, H-11), 9.10(s, 4H, H-1, H-2, H-5, H-6), 8.90(d, 4H, H-3, H-4, H-9, H-10), 8.40(s,
8H, phen protons), 8.00(s, 8H, phen protons), 2.60(s, 6H, OAc)
4 [Cu(bpy)2(L
1)](OAc)2 13.50(br, s, 1H, H-7), 8.70(s, 1H, H-11), 8.40(s, 4H, H-1, H-2, H-5, H-6), 8.20(s, 4H, H-3, H-4, H-9, H-10), 7.90(s,
8H, bpy protons), 7.40(s, 8H, bpy protons), 2.60(s, 6H, OAc)
5 [Ni(bpy)2(L
1)](OAc)2 13.50(br, s, 1H, H-7), 9.40(s, 1H, H-11), 9.00(d, 2H, H-1, H-2), 8.60(s, 2H, H-5, H- 6), 8.40(s, 2H, H-3, H-4),
8.20(s, 2H, H-9, H-10), 7.90(s, 6H, bpy protons), 7.60 (d, 4H, bpy protons), 7.10(s, 6H, bpy protons), 2.60(s, 6H,
OAc)
6 L2 12.94(br, s, 1H, H-7), 9.90(s, 1H, H-11), 9.10(d, 2H, H-5, H-6), 8.80(d, 2H, H1, H-2), 8.38(s, 1H, H-9), 8.30(s, 1H,
H-10) 7.75(dd, 2H, H-3, H-4)
7 [Ni(phen)2(L
2)](OAc)2 12.40(br, s, 1H, H-7), 9,90(s, 1H, H-11), 9,10(d, 4H, H-1, H-2, H-5, H-6), 8.40(s, 4H, H-3, H-4, H-9, H-10), 7.60(s,
8H, phen protons), 7.40(s, 8H, phen protons), 2.60(s, 6H, OAc)
8 [Co(phen)2(L
2)](OAc)2 12.71(br, s, 1H, H-7), 9.80(s, 1H, H-11), 9.00(d, 4H, H-1, H-2, H-5, H-6), 8.10(d, 4H, H-3, H-4, H-9, H-10), 7.80(s,
8H, phen protons), 7.50(s, 8H, phen protons), 2.60(s, 6H, OAc)
9 L3 13.55(br, s, 1H, H-7), 10.02(s, 1H, H-11), 9.80(d, 2H, H-5, H-6), 8.90(m, 2H, H-1, H-2), 8.20(d, 2H, br, H-9, H-
10), 7.80(m, 2H, H-3, H-4), 4.03(s, 3H, H-12, H-13, H-14)
10 [Ni(phen)2(L
3)](OAc)2 13.50(br, s, 1H, H-7), 9.30(s, 1H, H-11), 8.40(d, 4H, H-1, H-2, H-5, H-6), 8.00(d, 4H, H-3, H-4, H-9, H-10), 7.90(s,
8H, phen protons), 7.80(s, 8H, phen protons), 3.40(s, 3H, H-12, H-13, H-14), 2.60(s, 6H, OAc)
11 [Co(phen)2(L
3)](OAc)2 13.50(br, s, 1H, H-7), 9.80(s, 1H, H-11), 8.30(d, 4H, H-1, H-2, H-5, H-6), 8.00(s, 4H, H-3, H-4, H-9, H-10), 7.80(s,
8H, phen protons), 7.50(s, 8H, phen protons), 3.80(s, 3H, H-12, H-13, H-14), 2.60(s, 6H, OAc)
12 [Co(bpy)2(L
3)](OAc)2 13.50(br, s, 1H, H-7), 10.50(s, 1H, H-11), 8.60(d, 4H, H-1, H-2, H-5, H-6), 8.40(d, 4H, H-3, H-4, H-9, H-10),
7.80(s, 8H, bpy protons), 7.40(s, 8H, bpy protons), 3.40(s, 3H, H-12, H-13, H-14), 2.60(s, 6H, OAc)
br, broad; s, singlet; d, doublet; dd, doublet of doublet; m, multiplet.
Figure 2 The ESR spectra of the [Cu(bpy) (L1)](OAc) complex.
Syntheses, spectral characterization, thermal properties and DNA cleavage studies of a series 7in the complexes. In addition the absence of a half ﬁeld signal
at 1600 G corresponding to DM=±2 transitions indicates
the absence of any CuACu interaction in the complexes
(Gaballa et al., 2007; Raman et al., 2004; Lever, 1984).
(Kivelson and Neiman, 1961) have shown that for an ionic
environment g|| is 2.3 or larger, but for a covalent environment
g|| is less than 2.3. The g|| values for the present complexes were
2.13, indicating a signiﬁcant degree of covalency in the metal–
ligand bond. ESR spectra complexes are shown in Fig. 2.
3.7. Powder XRD
The powder XRD patterns of complexes showed the sharp
crystalline peaks indicating their crystalline phase. The diffrac-
tion patterns of all the complexes are measured in the range
(2h= 0–80) are shown in Fig. 3. The crystallite size of the
complexes dXRD is estimated from XRD patterns by applying
full width half maximum of the characteristic peak to Scher-
rer’s equation using the XRD line broadening method which
is as follows:
dXRD ¼ 0:9k=FWHMcos h
where k is the wavelength used, FWHM is the full width at half
maxima, and h is the diffraction angle.
From the observed dXRD patterns, the average crystallite
sizes for the Ni(II) complexes are found to be 69, 72, 71 and
67 nm. The average crystallite sizes for the Co(II) are 67, 72,
78 and 76 nm and for the Cu(II) complex is found to be
85 nm. The appearance of crystallinity in the complexes is
due to the inherent crystalline nature of metal compounds
(Dhanaraj and Nair, 2009a, 2009b; Nair et al., 2012).Please cite this article in press as: Ahmed, S.K., Khaled, S. Syntheses, spectral chara
Ni(II) and Cu(II) polypyridine complexes with some new imidazole derivatives of
10.1016/j.arabjc.2015.04.0253.8. Thermogravimetric study
Thermogravimetric studies have been made in the temperature
range 25–1000 C. The thermal stability data of all the com-
plexes are listed in Table 5. Thermal decomposition curves of
the complexes showed a similar sequence of three decomposi-
tion steps (Wu et al., 2001; Tokito et al., 1997; Lei et al., 2012),
given in Fig. 4. The ﬁrst decomposition step for all the com-
plexes occurred in the temperature range of 25–140 C. The
observed mass losses obtained for Ni(II) complexes were
(4.38%), (7.45%), (10.64%) and (4.41%) and for Co(II) and2 2
cterization, thermal properties and DNA cleavage studies of a series of Co(II),
1,10-phenanthroline. Arabian Journal of Chemistry (2015), http://dx.doi.org/
Figure 3 Powder XRD patterns of the (a) [Ni(bpy)2(L
1)](OAc)2, (b) [Ni(phen)2(L
1)](OAc)2, (c) [Co(phen)2(L
1)](OAc)2 and (d)
[Cu(bpy)2(L
1)](OAc)2 complexes.
Table 5 Thermogravimetric data of complexes.
S. no. Ligand/Complex Temperature
(C)
T.G.A. found (Calcd)
(%)
Assignment Loss type
1 [Ni(phen)2(L
1)](OAc)2 25–100 4.38 (4.44) Dehydration process 3ÆH2O
100–410 25.24 (32.59) Partial decomposition Phen ligand
410–690 62.95 (56.13) Final decomposition Phen ligand + Acetate + imidazole
ligand
>690 – Residue NiO
2 [Ni(bpy)2(L
1)](OAc)2 25–110 4.33 (4.41) Dehydration process 3ÆH2O
110–415 33.17 (25.53) Removal of bpy ligand Bpy ligand + Acetate
Partial decomposition
415–550 46.42 (55.81) Final decomposition Acetate + imidazole ligand
>550 – Residue NiO
3 [Co(phen)2(L
1)](OAc)2 25–100 4.56 (4.51) Dehydration process 3ÆH2O
100–420 24.21 (31.33) Partial decomposition Phen ligand
420–650 61.12 (53.20) Final decomposition Phen ligand + Acetate + imidazole
ligand
>650 – Residue CoO
4 [Cu(bpy)2(L
1)](OAc)2 25–100 2.86(3.08) Dehydration process 2ÆH2O
100–430 57.42 (26.75) Removal of bpy ligand Bpy ligand + Acetate
Partial decomposition
430–590 29.40 Final decomposition Acetate + imidazole
>590 – Residue CuO
8 S.K. Ahmed, S. KhaledCu(II) complexes were (4.52%), (6.49%), (7.89%) and (2.86%)
which were attributed to the decomposition of absorbed water
molecules and partial decomposition of phen ligand and bpy
ligand. The second decomposition step occurred in the temper-
ature range of 100–430 C corresponding to observed massPlease cite this article in press as: Ahmed, S.K., Khaled, S. Syntheses, spectral chara
Ni(II) and Cu(II) polypyridine complexes with some new imidazole derivatives of
10.1016/j.arabjc.2015.04.025losses for Ni(II) complexes were (25.24%), (16.19%),
(16.18%) and (33.17%) and for Co(II) were and for Cu(II)
complexes were (24.21%), (32.28%), (27.64%), (57.42%) and
(35.29%) due to the decomposition of phenanthroline and
bipyridine ligand and partial decomposition of acetate andcterization, thermal properties and DNA cleavage studies of a series of Co(II),
1,10-phenanthroline. Arabian Journal of Chemistry (2015), http://dx.doi.org/
Figure 4 The TGA curves of the (a) [Ni(bpy)2(L
1)](OAc)2, (b) [Ni(phen)2(L
1)](OAc)2, (c) [Co(phen)2(L
1)](OAc)2 and (d) [Cu(bpy)2
(L1)](OAc)2 complexes.
Syntheses, spectral characterization, thermal properties and DNA cleavage studies of a series 9imidazole ligand. The third decomposition step occurred in the
temperature range of 410–710 C corresponds to observed
mass losses for Ni(II) complexes were (62.95%), (61.77%),
(63.24%) and (46.42%) and for Co(II) and Cu(II) complexes
were (61.12%), (59.02%), (56.72%), (29.40%) and (44.35%),
which were assigned to the ﬁnal decomposition of acetate
and imidazole ligand from metal chelates. The horizontal ther-
mal curves observed above 710 C correspond to a metal oxide
residue.
3.9. DNA cleavage studies
The cleavage reaction on plasmid DNA is monitored by agar-
ose gel electrophoresis. When circular plasmid DNA is subjectFigure 5 Gel electrophoresis diagram of the complexes, Lane N:
control DNA; Lane 1: DNA+ [Ni(bpy)2(L
1)](OAc)2; Lane 2:
DNA+ [Ni(phen)2(L
1)](OAc)2; Lane 3: DNA+ [Co(bpy)2(L
3)]
(OAc)2; Lane 4: DNA+ [Co(phen)2(L
1)](OAc)2; Lane 5:
DNA+ [Ni(phen)2(L
2)](OAc)2.
Please cite this article in press as: Ahmed, S.K., Khaled, S. Syntheses, spectral chara
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10.1016/j.arabjc.2015.04.025to electrophoresis, relatively fast migration is observed for the
supercoil form (form I). If scission occurs on one strand (nick-
ing), the supercoil will relax to generate a slower moving open
circular form (form II). If both strands are cleaved, a linear
form (form III) that migrates between form I and form II is
generated (Jenkins et al., 1992; Zoroddu et al., 1996; Erkkila
et al., 1999). Fig. 5 shows gel electrophoresis separation of
pBR 322 DNA after incubation with complexes and irradia-
tion at 457 nm lane (1–5). No DNA cleavage was observed
for controls in which the complex was absent (lane N). It is evi-
dent from Fig. 5 that the complexes bind to DNA by interca-
lation mode and found to promote cleavage of plasmid pBR
322 DNA from the supercoiled form I to the open circular
form II upon irradiation. Further studies are being done to
clarify the cleavage mechanism.
4. Conclusion
Three new imidazole derivatives of phen and their Co(II),
Ni(II) and Cu(II) polypyridine complexes were synthesized
and characterized. Based on the results obtained of the ele-
mental analysis, UV–Vis., IR, 1H-NMR, ESR spectral
data, magnetic measurements and conductance measure-
ments it is possible to determine the type of coordination
of the ligands in their complexes. The spectral data reveal
that all the complexes were six coordinated and possess
octahedral geometry around the metal ion. Powder XRD
indicates the crystalline state of the complexes. Thermal
property measurements show that the complexes have good
thermal stability. The supercoiled DNA is cleaved in the
electrophoresis by complexes which conﬁrm that the com-
plexes are having the ability to act as a potent DNA cleav-
aging agent.cterization, thermal properties and DNA cleavage studies of a series of Co(II),
1,10-phenanthroline. Arabian Journal of Chemistry (2015), http://dx.doi.org/
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